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Abstract
In Senegal, in the Sahel region, the agroecosystem is dominated by two Sahelian shrubs able to redistribute water from deep soil to the surface. This study
was carried out to determine the impact of these shrubs on soil microbial activity. A 2 × 3 factorial design was set up during the dry and wet season with
three soil treatments: rhizospheric, bulk and non-rhizospheric soil. During
the dry season, the presence of shrubs resulted in significantly higher phosphatase acid activity for Guiera senegalensis (p < 0.001), respectively, 717 µg
pNP/h/g of dry soil in the rhizosphere soil, 333 µg pNP/h/g in the bulk soil
and 193 µg pNP/h/g in the non-rhizosphere soil. The same trend was observed for all other enzyme activities and MBC during both seasons except for
mineral N. Mineral N was not statistically different between the rhizospheric
and bulk soil during the dry season. β-glucosidase and phosphatase acid had
the highest correlation with the rhizospheric soil during the dry season respectively 98% and 97%. Soil moisture content was highly correlated with the
rhizospheric soil (85%), chitinase activity (99%) and β-glucosidase (97%).
Shrubs maintained a moister environment during the dry season which was
critical in stimulating microbial activities; this has significant implications for
agroecosystem management in the Sahel.
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1. Introduction
In Semi-arid Senegal, two shrubs species dominate in farmers’ field Guiera
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senegalensis and Piliostigma reticulatum. Although coppiced and burnt during
each cropping season, the shrubs regrow during the long dry season. Previous
recommendations of massive uprooting of shrubs were based on the fear that
shrubs may be competitive and reduce crop yield [1]. However, in a preliminary
study in Niger in farmers’ fields, [2] showed that millet growing within the influence of G. senegalensis rhizosphere had more significant growth than when
grown outside the influence of the shrub. [3] showed an increase in peanut and
millet yield by over 50% during 3 cropping seasons when G. senegalensis and P.
reticulatum are allowed to grow in the field. The presence of shrubs all year
round may drive biogeochemical processes and maintain microbial communities
through root exudates [4]. The composition of plant exudates are very specific
and vary with plant species or the environment [5]. [6] made an important discovery for G. senegalensis and P. reticulatum; the authors found that the roots of
the shrub redistribute water from the subsoil to the surface. The amount of water redistributed can go as high as 0.1 mm per day for P. reticulatum and 0.2 mm
per day for G. senegalensis [6]. Hydraulic redistribution is characteristic of
semi-arid to arid environments during periods of drought [7] [8]. Water redistribution could be essential to maintain microbial communities and drive biogeochemical processes during the long dry season. Few studies have been done
to determine how shrubs hydraulic lift would affect microbial activities in
semi-arid areas. Therefore, the objective of this study was to assess soil microbial
activities of shrubs rhizosphere during the wet and dry season. We hypothesized
that the shrubs would maintain a moist environment around roots that would
sustain soil microbial activity, especially during the long period of drought. To
test this hypothesis, we used a combination of enzyme activities, microbial biomass carbon (MBC) and mineral N.

2. Material and Methods
2.1. Experimental Site and Design
The study was conducted in farmers’ field located in two agro-ecological sites of
Senegal with a mean annual temperature of 32˚C and a water table of approximately 8 to 10 m characterized by 9 months of dry season (Figure 1). At the
first site, G. senegalensis is predominant on a sandy, ferruginous arid soil [9],
with a lower rainfall around 300 mm per year. In the second site, P. reticulatum
predominates in loamy-sandy soil with rainfall of 700 mm per year. The experimental design was a 2 × 3 factorial design setup during the dry and wet season
with three soil treatments: rhizospheric soil, bulk soil (between roots) and
non-rhizospheric soil (soil sampled two meters away from the shrub. Soil samples were collected in the first 0 - 10 cm depth during the dry season, March
2005, and the wet season, August 2005. In each experimental site, soils were
sampled randomly following the fourth direction (East, West, North, and South)
under twelve plants. Thus, for each plant, there were 4 samples in the rhizospheric zone, 4 samples in the bulk zone and 4 samples in the non-rhizospheric
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Figure 1. Study sites localisation for Guiera senegalensis and Piliostigma reticulatum.

area. Sixteen (16) soil samples from 4 shrubs were then mixed, which resulted in
3 replicates each for the rhizospheric soil, the bulk soil and the non-rhizospheric
soil. Samples were homogenized and then crushed to pass through a 2 mm mesh
screen, maintained at field moisture and stored at 4˚C until analyzed.

2.2. Enzyme Activities
Enzyme assays were completed within one week of sampling. Phosphatase acid,
β-glucosidase, chitinase, and urease activities were measured. Those enzymes are
related to biogeochemical cycles of phosphorus, carbon (β-glucosidase, chitinase) and nitrogen, respectively. Chitinase is characteristic of fungi activities. An
original method described by [10] and modified by [11] was used to assess
β-glucosidase and chitinase activities. A triplicate of 100 mg of fresh soil from
each sample was incubated for 2 hours at 37˚C. Before incubation, 100 µl of
5mM para-nitrophenyl β-d-glucopyranoside (pNP) was added as the substrate
for β-glucosidase and 100 µl of 5 mM of paranitrophenyl N-acetyl glucosaminide
(5 mM, Sigma) as the substrate for chitinase. Citrate-phosphate, pH 5.8 [12] was
used to buffer the mixture, and pNP was measured 15 min after stopping the
reaction at 400 nm. Results were expressed as µg pNP released g−1∙h−1. For the
phosphatase activity, the method by [13] was used with the same principle as
previous enzymes. The pNP phosphate was quantified at 420 nm. The urease activity was measured using 1 g of soil incubated with urea as a substrate [14]. The
ammonium was quantified with a spectrophotometer set at 660 nm.

2.3. Microbial Biomass Carbon (MBC) and Mineral N
A modified method by [15] was used to quantify MBC by chloroform-fumigation
extraction (CFE). A subsample of 10 g of moist soil was fumigated with chloroform (ethanol free) and then incubated for 10 days. Then, a 2 M KCl solution
was mixed with fumigated and unfumigated control samples for 60 min on a roDOI: 10.4236/ajps.2020.112014
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tator shaker. After filtration, 2 ml were mixed with 0.5 ml of 0.4 M sodium citrate solution. The Ninhydrin-reactive N was quantified by colorimetry at an
optical density (OD) of 750 nm [16]. The difference in ninhydrin-reactive N
was then estimated by multiplication with 21 to determine MBC, which is expressed as μg C/g of dry soil. Soil inorganic-N was quantified in the same extract (2 M KCl) using the method by [17]. Ammonium was quantified at an
OD of 660 nm and nitrate at an OD of 525 nm. Inorganic nitrogen was computed as the sum of ammonium and nitrate and the results expressed as μg∙N∙g–1
of dry soil.

2.4. Statistical Analysis
The software SAS software was used to analyze the data [18]. Enzyme activities,
MBC and mineral N, were assessed using ANOVA. Mean values were compared
using Tukey’ HSD test (honestly significant difference) at a significance of p <
0.05. Data were further analyzed using principal component analysis (PCA), and
a correlation matrix of different parameters was established.

3. Results and Discussion
3.1. Enzyme Activities, MBC and Mineral N
Phosphatase acid activity for G. senegalensis was significantly higher (p < 0.001)
in the rhizosphere soil (1145 µg pNP/h/g of dry soil) compared to the bulk soil
(590 µg pNP/h/g of dry soil)and the non-rhizosphere soil (502 µg pNP/h/g of
dry soil) during the wet season. The same trend was also observed during the dry
season but with much lower values for both shrubs (Figure 2 and Figure 3).
Activities of β-glucosidase and chitinase were also statistically higher (p <
0.001) in the rhizospheric soil than in the bulk and non-rhizospheric soil for
both seasons (Figure 1 and Figure 2). The non-rhizospheric soil had the lowest
enzyme activities except for the chitinase during the dry season where the activity was the same for the bulk and the non-rhizospheric soil. The rhizospheric soil
has been shown to have higher microbial densities than the bulk soil [19] [20].
The complex mixture of organic compounds from root exudates provides a
source of reduced carbon, nitrogen, and other nutrients which favor a productive environment [21]. This environment promotes higher microbial activity,
higher MBC and more diverse communities [22]. Phosphatase and β-glucosidase
were sensitive to the nutrient status of the soil and plant availability of soluble
carbon and phosphorus. This corroborates previous studies by [23] and [3] who
found that decomposition rate of shrubs litter as well as soil nutrient processes
were enhanced in the rhizosphere of Sahelian shrubs. For the chitinase activity,
during the dry season, the lack of water probably limited fungal growth and may
explain why there were no differences between the non-rhizospheric and the
bulk soil.
Urease activity was significantly higher in rhizospheric soil than in bulk and
non-rhizospheric soil during the dry season (Table 1; p < 0001). During the wet
DOI: 10.4236/ajps.2020.112014
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Figure 2. Activities of phosphatase acid, β-glucosidase and chitinase from soil
sampled under G. senegalensis during the dry (DS) and wet season (WS). Barres
are standards of error.

Figure 3. Activities of phosphatase acid, β-glucosidase and chitinase from soil
sampled under P. reticulatum during the dry (DS) and wet season (WS). Barres
are standards of error.

season, however, this activity was the same in the bulk and rhizospheric soil (p >
0.05), but significantly higher than the non-rhizospheric soil (p < 0.001). However, the lack of difference between the bulk and rhizospheric soil for the urease
activity may be due to the fact that the soil is moister and more exudates are
available which may allow translocation of nutrients from rhizospheric soil to
bulk since there is no physical separation.
MBC was significantly higher (p < 0.01) in rhizospheric soil than in
non-rhizospheric soil and during the wet season as opposed to the dry season for
both species (Table 1). Mineral N remained at the same value for the rhizospheric and bulk soil (p < 0.05); however, this value was statistically higher during
the wet season than during the dry season. During the wet season, plants usually
have more nutrients available and would be expected to liberate more exudates,
DOI: 10.4236/ajps.2020.112014
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Table 1. Urease activity, MBC, mineral N and moisture content from soil associated with
G. senegalensis and P. reticulatum during the dry and wet season.
Treatment

Urease

MBC

Mineral N

Moisture content

(µg NH -N/h)

(µg C)

(µg N)

(%)

+
4

Guiera senegalensis
Dry season
Non-rhizosphere

1.0a*

7.3a

6.7a

0.5a

Bulk

2.4**b

25.6c

12.1c

1.0b

Rhizosphere

4.7c

38.1de

14.6cd

2.6c

Non-rhizosphere

3.1bc

12.3b

8.5b

5.1d

Bulk

8.0d

34.0d

15.2d

6.5e

Rhizosphere

8.7e

46.1f

15.5d

11.5f

Wet season

Piliostigma reticulatum
Dry season
Non-rhizosphere

1.0a

6.5a

8.1a

0.5a

Bulksoil

2.2b

27.0c

15.1b

1.5b

Rhizosphere

6.2cd

45.1e

15.8b

2.4c

Non-rhizosphere

5.3c

16.5b

9.1a

7.8d

Bulksoil

9.7e

37.8d

16.7bc

9.1e

Rhizosphere

9.8e

49.1f

17.3c

11.5f

Wet season

*For each species, values followed by the same letter in the same column are not significantly different
(SNK Test, < 5%). **All values are expressed per g of dry soil.

which should stimulate microorganisms. More exudation by roots would support higher microbial activity and interaction, which makes more C and dead
microorganisms available [5].

3.2. PCA and Correlation of Different Parameters
PCA showed that the first axis explained most of the variance with 91%
(Figure 4). Microbial communities were separated depending on the location
of the soil sample (p < 0.01). Microbial communities from the rhizospheric soil
formed a cluster statistically different (p < 0.001) from the bulk soil and the
non-rhizospheric soil. With regard to the location, samples from the wet season
separated from the dry season and separation was also based on shrub species.
Although all enzymes were highly correlated with rhizospheric soil during the
dry season, (r > 90%), β-glucosidase showed the highest correlation (98%) followed by phosphatase acid (97%). The moisture content was also highly correlated with the rhizospheric soil (85%), chitinase activity (99%) and β-glucosidase
(97%).
DOI: 10.4236/ajps.2020.112014
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Figure 4. PCA based on four enzyme activities quantified from soil associated
with G. senegalensis (GS) and P. reticulatum (PR) during the dry season
(DS) and the wet season (WS). Vectors represent enzyme activities and some
soil properties.

P. reticulatum and G. senegalensis have been shown to redistribute water from
the roots to the subsurface [6]. [24] and [25] showed that hydraulically redistributed water enhanced seedling survival, maintained overstory transpiration
during summer drought and had a significant impact on plant drought tolerance
and total water utilization. This process may explain high enzyme activities in
the shrubs’ rhizosphere during the dry season. At some point, the rhizospheric
soil would be moister than soil from some distance to the root due to the efflux
of water and would impact soil microbial activities. The hydraulic redistribution
was critical in supporting soil microorganisms communities which resulted in
an increase of enzyme activities, MBC and mineral N in the rhizosphere during
the dry season.

4. Conclusion
Enzyme activities were sensitive with respect to shrubs’ rhizosphere and soil
moisture. Rhizospheric soil sustained larger, more active communities than did
the non-rhizospheric one—presumably by providing elevated levels of C inputs.
Shrubs’ influence in soil microbial activities was strong during the wet season as
well as during the dry season. Moreover, during the dry season, shrubs maintained a moister environment, which likely was influential in stimulating microbial activities in the rhizospheric soil. Additionally, the maintenance of microbial
communities by shrub rhizospheres between wet and dry season suggests hydraulic redistribution of water was critical in supporting microorganisms in the
dry season.
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